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occlusal trauma as evidenced by fremitus (15%), oral
lesions requiring biopsy (1%) and edentulism (1%). About
4% of patients had rare periodontal diseases, including
localized aggressive periodontitis (0.3%), periodontal
abscesses (0.6%), gingival abscesses (0.09%), combined
periodontal–endodontic infections (2.6%), gingivitis modi-
fied by systemic factors (0.55%) and gingival diseases not
associated with plaque (0.3%). Chronic periodontitis was
slightly commoner (53.0%) than in the general US popu-
lation and, with plaque-associated gingivitis (42.1%),
constituted most of the periodontal disease. Patients were
slightly older than the average for California and the US,
but were of similar ethnic composition and average
systemic health.
Conclusion: Periodontal disease is common in patients of
average health, and dentists should be ready to recognize
and manage rare periodontal disease, as it occurs in about
one of every 25 patients.
Keywords: Dental school clinics; Patient demographics;
Periodontal disease; Oral disease
 2014 Taibah University. Production and hosting by Elsevier
Ltd. All rights reserved.
Introduction
Periodontal diseases are inflammatory disorders most com-
monly initiated by microorganisms; if untreated, they reduce a
patient’s quality of life.1 Some periodontal diseases, such as
chronic periodontitis and gingivitis, are common in patient pop-
ulations throughout the world.2 Other diseases defined by the
1999 InternationalWorkshop for aClassification of Periodontal
Diseases and Conditions2 appear to be rare, but data on their
prevalence are limited or do not exist. These rare periodontal
diseases include aggressive forms of periodontitis, autoimmune
gingival diseases and combined endodontic–periodontic infec-
tions. As they are rarely encountered, general dentists are often
uncomfortable in treating these conditions and refer the patients
to specialists.
As the proportion of rare periodontal diseases among com-
mon oral diseases in patients of average health is unknown, we
determined the prevalence of periodontal diseases and of other
oral conditions in a cross-sectional study of patients attending
a dental school clinic, which mimics a large, general dentistry
group practice.
Materials and Methods
Setting
The study was conducted at the main dental clinic of the Wes-
tern University of Health Sciences College of Dental Medicine
in Pomona, California, USA, which was set up to imitate a
large group practice for general dentistry. Small teams of ju-
nior and senior dental students provide basic dental care sim-
ilar to that provided by associate dentists in group practices,
with licensed general dentists supervising and managing sev-
eral student teams.
Data collection and statistical analysis
The charts of all 2867 patients seen at the dental clinic between
24 September 2010 and 8 February 2013 were reviewed. We ex-
cluded the records of emergency patients, patients referred for
specific procedures and edentulous patients, as no periodontal
data were available for them. We also excluded patients who
did not grant permission for use of their records for research.
For the remaining 2137 patients, we collected demographic
data, periodontal diagnosis, disease severity, presence of other
oral conditions and presence of systemic conditions associated
with periodontal disease. Descriptive statistics were performed
to obtain the prevalence of types of periodontal disease and
other oral conditions. In order to determine whether our patient
population had disease patterns different from those reported in
the literature, we used chi-square analysis withYates’ correction
for continuity to compare our data with those published previ-
ously. If fewer than five patients had a given condition, the Fish-
er exact test was used. We compared the median age of our
patient population with that of the California population in a
two-tailed Student t test. We determined that we had collected
enough datawhen themean ofAmericanAcademy of Periodon-
tology disease categories for all patients varied by less than 0.01
over the course of 6 months. Diagnostic agreement and inter-
examiner reliability were measured by correlating the disease
categories assigned by the general dentist and student teams
and those assigned independently by the periodontist. For all
statistical calculations, we used GraphPad Prism software.
The study was approved by the Western University of
Health Sciences Institutional Review Board (IRB#12/IRB/
019) and was carried out in accordance with the code of ethics
in the Declaration of Helsinki.
Disease definitions
Periodontal diseases were diagnosedwith the 1999 International
Workshop definitions and additional diagnostic criteria as out-
lined in Table 1. Caries was defined as any area of clinically
detectable enamel breakdown. Endodontic infections were de-
fined as any sign of endodontic infection, such as abnormal pulp
test results indicating irreversible pulpitis or pulpal necrosis, the
presence of periapical radiolucency or signs of infection. Frem-
itus was used as an indicator of occlusal trauma, and significant
oral pathology was defined as any instance in which an oral
pathologist recommended biopsy of a lesion.
Calibration
All dental care providers used periodontal probes with a pres-
sure of 20 g on a letter scale (Escali, Minneapolis, USA) and
received instructions on probing before entering the clinic.
Supervising dentists received additional calibration once a year
in 2011 and 2012. The sole periodontist (TB) randomly cali-
brated other dentists throughout the year to keep the diagnos-
tic methods uniform. All care providers used the diagnostic
criteria outlined above.
Results
We determined the prevalence of the periodontal diseases
listed in Table 2. That of chronic periodontitis was slightly
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higher than the prevalence estimated for the USA (53% vs
47%, respectively).3 We also found that the proportions of
mild, moderate and severe disease differed significantly from
national estimates, with a much larger predominance of mild
periodontitis (about half of all chronic periodontitis cases)
than of moderate and severe cases. Periodontal abscess,
aggressive periodontitis, combined periodontal–endodontic
infections and gingival diseases other than plaque-associated
gingivitis affected about 4% of patients, and a similar propor-
tion had no periodontal disease. We did not observe any nec-
rotizing periodontal disease, generalized aggressive
periodontitis or periodontitis as a manifestation of systemic
disease during the 3 years of the study and estimated the prev-
alence to be less than 0.05%.
When we correlated the assigned American Academy of
Periodontology disease categories, the observed kappa was
0.936 (standard error, 0.012) and the Pearson r coefficient
was 0.968 (95% confidence interval, 0.962;0.972). Therefore,
we concluded that there was little disagreement between the
periodontist and the calibrated general dentist–student teams
and that the diagnostic process was reliable.
As our clinic was set up to mimic a large group general den-
tistry practice, we wanted to see how the prevalence of peri-
odontal disease was compared with those of other oral
conditions seen in a general dental practice. As seen in Table 3,
patients were most commonly affected by periodontal diseases,
followed by caries. The proportion of endodontic infections
was similar to that of moderate to severe chronic periodontitis
(about 25%). To our knowledge, this represents the first esti-
mate of the prevalence of endodontic infection in this setting.
As our clinic was also set up to mimic a large group practice
serving community patients of average health, we determined
whether this assumption was true by comparing disease prev-
alence, demographics and selected systemic conditions with
national averages for the USA or, if available, for the State
of California. As shown in Table 4, our patient population re-
flected the diverse population of California but was older and
had a larger proportion of females than the community aver-
age. Racial and ethnic make-up were statistically different
for non-whites, but differences were mostly due to the in-
creased number of patients who identified themselves outside
of the categories listed here. There were markedly less patients
Table 1: Periodontal disease and condition definitions.
Condition (American Academy
of Periodontology category)
Bleeding on
probinga
Max clinical
attachment levelb
Max alveolar
bone levelc
Other criteria
Health (0) None 0 2 No periodontal abnormality
Plaque-associated gingivitis (1) Yes 0 2 Amount of plaque present appears appropriate
for amount of inflammation observed
Diabetes mellitus-associated
gingivitis (1)
Yes 0 2 Uncontrolled diabetes mellitus
Disproportionately extensive inflammation with
little plaque
Pregnancy-associated gingivitis (1) Yes 0 2 Pregnancy Disproportionately extensive
inflammation with little plaque
Oral contraceptive-associated
gingivitis (1)
Yes 0 2 Oral contraceptive use Disproportionately high
amount of inflammation seen with little plaque
Puberty-associated gingivitis (1) Yes 0 2 Puberty Disproportionately extensive
inflammation with little plaque
Pseudo-pocket (1) 0 Pocket depth > 5 mm
Gingival disease not associated
with plaque (1)
0 Not responsive to oral hygiene
Biopsy indicated disease process other than
periodontal infection
Mild chronic periodontitis (2) 1–2 Generally > 29 years Periodontal inflammation
related to plaque or calculus level
Moderate chronic periodontitis (3) 3–4 Generally > 29 years Periodontal inflammation
related to plaque or calculus level
Severe chronic periodontitis (4) P5 Generally > 29 years
Periodontal inflammation related to plaque or
calculus level
Aggressive localized
periodontitis (4)
>0 Generally < 30 years
Relatively little plaque
Attachment loss around molars and incisors only
Periodontal abscess >0 Suppuration evident
Gingival abscess 0 Suppuration evident
Pericoronal abscess Suppuration evident
Tissue flap over occlusal surface
Combined perio-endo lesion Probing depth to apex of non-vital tooth.
Radiographic bone loss to ape non-vital tooth
Conditions not associated with
periodontal disease
None 0 Any abnormality seen in the absence of current
periodontal disease
a Any bleeding on probing that is apparent within a few seconds of probing.
b Interproximal clinical attachment level (in mm) as measured from cement-to-enamel junction to base of periodontal sulcus.
c Interproximal alveolar bone level (in mm) as measured from cement-to-enamel junction to radiographic bone level.
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using Denti-Cal benefits than expected from state average,
most likely since Denti-Cal benefits apply to paediatric and
disabled patients that receive services in specialized clinics
elsewhere. With regard to overall health, the prevalence of
systemic conditions was similar to or lower than that expected
from national or State averages. We concluded that our
practice indeed attracts patients with average health from the
surrounding community.
Discussion
In this study, we found that periodontal disease was the com-
monest oral condition in patients of average health, followed
by caries. It is possible that the level of caries would have ap-
proached that of periodontal disease if we had included incip-
ient lesions in our study, as a recent study estimated that the
national caries prevalence would be 90% if incipient lesions
were included.4
The vast majority of cases of periodontal disease were
either plaque-associated gingivitis or forms of chronic peri-
odontitis. The prevalence of chronic periodontitis in our set-
ting was slightly higher than the national average,
presumably because our patient population was slightly older
than the State median, and attachment loss increases with
age.5 The older patient population may reflect the median ages
of the populations of some of the communities served by our
clinic, such as Claremont (38.6 years) and La Verne (42 years).
Some patients had combinations of periodontal diseases,
such as chronic generalized periodontitis throughout the
mouth and a combined periodontal–endodontic infection
affecting a tooth, which accounts for sums greater than
100% in Table 2. Healthy, normal periodontium was found
in few patients. Importantly, about 1 of 25 patients had rare
forms of periodontal disease, indicating that general dentists
should be aware of such rare diseases.
We did not observe any cases of necrotizing periodontitis;
this was expected, as the literature suggests that it is rare,6
and its prevalence has declined since the Second World
War.7 We also did not observe periodontitis as a manifestation
Table 2: Prevalence of periodontal diseases in 2137 dental school
clinic patients.
Periodontal disease Prevalence (%)
None 3.7
Gingivitis associated with plaque only,
with or without other local factors
42.1
Other gingival disease 0.84
Pregnancy-associated gingivitis 0.3
Diabetes mellitus-associated gingivitis 0.2
Oral contraceptive-associated gingivitis 0.05
Gingival diseases not associated with plaque 0.3
Chronic periodontitis 53.0*
Mild chronic periodontitis 26.7*
Moderate chronic periodontitis 13.3*
Severe chronic periodontitis 13.0*
Generalized chronic periodontitis (mild–severe) 40.0
Localized chronic periodontitis (mild–severe) 13.0
Aggressive periodontitis 0.3
Localized aggressive periodontitis 0.3
Generalized aggressive periodontitis 0a
Periodontitis as manifestation of systemic disease 0
Abscesses of the periodontium 0.7
Periodontal abscess 0.6
Gingival abscess 0.09
Pericoronal abscess 0.05
Necrotizing periodontal disease 0
Combined periodontal–endodontic lesions 2.6
Periodontal conditions (not associated with
forms of periodontitis)
1.3
Pseudo-pockets 1.2
a 10 Patients (0.47%) had evidence of mild attachment and bone
loss before the age of 30, but their periodontal disease appeared and
behaved like chronic periodontitis during treatment.
* p< 0.001, as compared with US prevalence reported in Ref.3.
Table 4: Characteristics of 2137 dental school clinic patients and
comparison with national US of California averages.
Characteristic Clinic
population (%)
US or California
average (%)
Demographics
Male (%) 43.2* 49.7 (CA)16
Median age (years) 39* 35.2 (CA)16 (2010)
White, not Hispanic (%) 37.4 39.4 (CA)16
Hispanic (%) 32.5* 38.2 (CA)16
Black, not Hispanic (%) 5.5* 6.6 (CA)16
Other (%) 24.6* 15.8 (CA)16
Denti-Cala (%) 5.5* 20 (CA)17,18
Systemic conditions
Tobacco use 11.2 14.0 (CA)19
Diabetes mellitus 8.98 11.320
Obesityb 12.7 15.521
Osteoporosis 0.51* 922
Rheumatoid arthritis 0.61 0.5923
HIV infection 0.1c 0.124
Dental conditions
Chronic periodontitis 53.0* 473
Caries 70.7* 904
Edentulism 1.2* 16 (CA)25
a Beneficiaries of the California State Government programme
for free dental service.
b Patients were considered obese if their waist width clearly
exceeded their chest width. US prevalence is for grade 2 obesity
(BMI > 35).
c Fisher exact test.
* Significantly different at p< 0.001 from the US average.
Table 3: Prevalence of oral disease in 2137 dental school clinic
patients.
Oral disease Prevalence (%)
Periodontal disease 96.2
Cariesa 70.7*
Endodontic infections 25.9
Occlusal trauma 15.0
Oral pathology requiring biopsyb 1.1
Edentulismc 1.2*
a Excludes ‘‘watch” lesions and any incipient caries without sur-
face cavitation.
b Excludes 20 other lesions requiring biopsy in patients who were
not seen for comprehensive care.
c Out of 3122 patients screened at the dental centre.
* p< 0.001.
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of systemic conditions, such as leukaemia or genetic condi-
tions, as expected, since these conditions are usually reported
as single case reports in the literature. We did, however,
observe other types of rare periodontal disease, such as aggres-
sive periodontitis, abscesses of the periodontium, combined
periodontal–endodontic lesions and a number of gingival
diseases not directly associated with plaque.
Aggressive periodontitis was observed in 0.3% of patients,
all of whom had localized aggressive periodontitis with typical
patterns of attachment loss. On the basis of data from Lo¨e and
Brown8, and US population estimates9, a prevalence of 0.03%
can be calculated for localized aggressive periodontitis in adults
and a prevalence of 0.007% for generalized aggressive peri-
odontitis. Although these figures are higher than the national
estimates, the differences were not statistically significant
(p= 0.125, two-tailed Fisher exact test). None of the patients
had generalized aggressive periodontitis, but 10 patients in their
late 20s had mild generalized attachment loss. All were immi-
grants from rural areas of developing countries, had received
minimal dental treatment during their lives and had extensive
plaque and calculus. As their periodontal disease responded
well to oral hygiene, scaling and root planing, we diagnosed
their conditions as chronic periodontitis.
Abscesses of the periodontium were rare (0.7%), and most
were periodontal. Only two patients presented with gingival
abscesses and one with a pericoronal abscess. More common
were combined periodontal–endodontal lesions (2.6%), most
of which were found incidentally during examinations. To
our knowledge, these are the only prevalence estimates for
these conditions, although abscesses of the periodontium have
been reported to be the third most common cause of dental
emergencies.10
Gingival disease other than plaque-associated gingivitis of
purely local origin was rare (0.84%), and most cases were
forms of exaggerated gingivitis modified by systemic factors.
Four patients had exaggerated gingivitis as a result of poorly
controlled diabetes mellitus (as reported by the patients), and
six pregnant patients experienced gingival inflammation de-
spite low plaque levels; one patient on oral contraceptives
had exaggerated gingivitis. Several patients had rare gingival
diseases related to mucocutaneous disorders and fungal and
viral infections: lichen planus (two patients), pregnancy pyo-
genic granuloma (one), gingival candidiasis (one), gingival oral
herpes (one), pemphigus vulgaris (one) and gingival lesions
associated with lupus erythematosus (one). Most of these cases
of gingival diseases were seen in female patients (15 out of 18
patients). It is difficult to compare these numbers with the
literature, as the prevalences of these conditions are largely
unknown. The number of cases of gingival lichen planus
observed was fewer than reported previously,11–13 but previous
estimates were made for systemic or oral manifestations of
lichen planus, including those outside the gingiva. The preva-
lence of lupus erythematous in our patient population was
similar to that reported by Brennan et al.14 but we also saw
oral manifestations of pemphigus vulgaris, which occurs in
one of 6 million patients.15
Periodontal conditions not associated with any periodontal
disease other than plaque-associated gingivitis were rare
(1.3%); pseudo-pockets around erupting third molars ac-
counted for the largest number of patients (1.2%) in this cate-
gory. Only two other conditions were found: one patient
generally lacked keratinized gingiva to the facial side of his
mandibular teeth but had no signs of gingival inflammation,
and cervical root resorption was diagnosed in another patient.
We believe, however, that the prevalence of undiagnosed
cervical root resorption is higher because of the difficulty of
detecting this condition in conventional clinical examinations
and radiographs.
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